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[s^Aiwi 1. s^ai, s auk as es) 2t is 

2. mmM ^g. flQfAI. SAHIAKa! ES)§ Siott FD¥^ 1! 

3. e aqs) 



7 flAl^l ^- a> A ^ ofl^ S X| ^ol] °X<>\*), 71^1 ^i^-jq- 3J- 

^ ^^^l, 7]?]±± r\^Q\ H^^l &7)}7} 

afl^-i- °l-8-^r LCD<^1 ?j£7> 3.7fl 7fl^t}. 

£ 4 
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JL?)E ^ %-X|o)z}-g- ^ iaU).*g ofl^ ^A] 
[E^ >i^J 

E la ^ E lb^r «>a>^ ofl^g J3L^] ^E. 

E 2a ^ E 2bfe #Hfl^ «>Al-^ K x\ ^lofl^ ^ ^1*3 ^ 

S>7l W E^. 

E 4^ ^r^S) ^^1^1 lofl oj-s. ofl^ ^-^o) 3§^3E.. 

E 5a vfl^l E 5dfe 4i*H 1<H1 ttJ-E g_x\ iL 

^-^1 ^* ^^S>7] ^fV E^. 

E 6£r <*UH 1^ ^>t§ ^E. 
E 7^r E 6^1 "A" -^-1: ^-tfl^ M-Bj-^fl E^ . 

E 8a vfl*| E 8e^ >*UH lofl rcj-^- h>a>^ <s};§ SX| ^1^] ^ 

X| %oj ^ ^.g. ^^sf7l E^. 

£9u^ ^Hl 2^1 ^ «va>^ ^ a^i ^E. 

(E^ ^iL ^g-ofl tfl<& 

40 : 7]& 41a, 41b : 7)1 ^-o] 

42 : ^ ^JL*I 43,430 : ^ 

44 : TflolM 45 : 


46,460 : sMi ^ 47a,47b : 31°!^ efo] 

48 : ^sflo] *\=t 49 : &Sl£i ^ 

50 : e^i^b) eo : 7^ 

53 : *i| 1 Hfl^ 63 : 2 Hfl^ 

70 : 75 : a}^^ 

78 : ^rA>^ 

a. ^-^^ ti>A>^ ofl^g 5*1 ^(liquid crystal display device: °1§> LCD 

cgoj-^o.^ «>A>^ LCDfe- l-E^l -S-"? 5 !^ ^o^ol %Qo_^ 

^, S>^- Z\**d\} tifl^S}^ ^A}^ cfAl %o] tiVA>E)ol^c]-. o] 

°fl, ^3 £-*>*3 silt ^3H1 rtj-ej-A^ 3.^3 ^q-, ^€^f. 

o.^ ^o) oj^-s]^ i£a>^ TN( twist nematic) LCD^r ^o>z]-ol nfl-O 
^4iSH, f^sHfe ^^(full color) 7}^}^ , ^^^-ofl^S. HB r ^ 

^£1- xlu|^ o>A>^ §>olw.Bl^( hybrid) J5JE.7> ;<)) ^M", 
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^ y o V ^°fl ^1^* i^S>7l ^-g-^^xl^V, o] 

^zj-a. <^7l fl*j-a} f -M. ^^oj^on oj§^ 97-67776JL3., Afls 

7fl^s1 wVa>^ LCD7> all^sqa*}. 

°1 LCD^ £ la ^ £ lb°fl £*1^ «>^- ^°1, §>Jf 7l^r(ll), Sf-Sf 

fllfS}H >£Jf 7^(12), 5^ 7}&(ll) ^6\] ^Ee(-ol ir 

^(13) ^ ^^-(14)^1 ^ 71^(11) afe ^ 2 ^ tin^ v 

(20), 5 ^1 1 5 2 ^ till^^- AHofl ^^a (15) ^ ^.a]^. HLfV, 

HVA]-^ ofl^ K X\ ^ 7l^(H) Jfigofl Bfl*l^ ^^(16), ^ 7^ ^ 

13 ofl «fl*l^ ^#^(18) ^ ^-f 71^(12)^1- ^#^(18) 7>}°H1 tifl^^ a}^^ 

(17) ^- u-1 ^alW. Qfl^Qs)^ <£o} o.^ o]^^. 7].^ ojl^-g- Aj.-g.^c]-. 
^#^3 ^7^1^] w 0 >^4 45£* T^sHW 17)^1 ^o] 

(18) 3 ^#^4 45511- <>]f4. ^H, 5^ ^^-(13)21- ^(14)£r ^ 
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5. la ^ £ 2a°fl M-B}-\+ ^o] ( ^2] aft ^(19, 20)3 <31H ^*fl 

2-^ ^3j#3 ##°1 71 4£(12) ^ 71^(11)^^] tiH^tf. ^ 

%3*1 M ^ ^ t^^l ^.g.^ ^##(i8)-gr -f-^sH -£€-^(SEfe £ 

^0 ^%#(18)-8: %°] A>^^-^;(l7)-g- ^f-^r^, ^ 

%(left circularly polar ized)(5Efe -£.-Er^ M^)-?!^. ^^^(15)^1 5.^ ^ 
^-7}( 15a) 1:^1 Z^i^- ^fll^M * r «!:^3Wl7)-ir *4t!r ^ 3H V 

#3* a°l ^#(15)-^ ZLtfl^. ^W". #A>#(16)<^H ^ ^ 

°1 -Z°-3, &Z}E-3,, ti>A>^sl €^%(left circularly polar ized)(£fe .2.^- 

^ €^#)^ €^#(right circularly polar ized)(£fe €€#) 

%^%(^^ ^1 ^^#(15)# ^LcflS **r^ 

31 cfAl A>«£>z|-^( 17)SLsL ^A>^cf. ^^^(n)^- Sl^KS&^r 
£-W) ^JSM4. ^ificfl S^(18)t J§-3±& %o) ^ ^^-^(18)^5. 

#3 ^ol ^^lol^^ A}^^(i7)o.5.-!jL&l ^#^(18)°-^- ^^>S>^ ^ 
€#^(18)-^ ^-4^1 ^-W. ^, 4^ >iN)# 4^\fi^. 

^°« v ^17>aH1^ 51 lb ^ £ 2M] M-El-\+ w>fir ^°1 , ^r*l «fl^ 

(19, 20)^1 <3<JH| 21*11 7}^d\) ^^§>^ ^^#^r ^ ^-^171-Al^ ^-Efl* 

^1^. 2}-^ ^(13)4 ^(14)3 ^ 71^ ^f>\±= 

^4 £ 0 1 ^Ir^ ^°1 7^(12) ^ §>^- 7l^;(ll)^o11 tifl ^ 

^Cf. 5)-^ ^(13)^ ^El ^(14) Al-olofl *l7il(E A )2}- El-^^o^ J5L^*1 
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#31(E B )7} ^SjjEJsL, ^711 Ei, E 2 «" <W OJ !^ £"44 . ^r^H , 7) #4 

^^t}^ Jf£-£ ^^Sl-ZL sh£ ^(13)4 ^(14)4 f^Md"!: ^SLsL 

W(18)^r *4§H, #€#^4. ^31-^(17)^: ^H 5 ^ , %€r ^ 

(left circularly polar ized)(5E^r Q^%)SL^. 4-g- OJ !^fKl5)^- 

^^i-^i ^44 #^r4 ^-^^(n^ ^4^r 4°il 4^h, m 

£.-E-^r)^^ ^#^4. «];44(16)44 «t4^eL £^r) 
4. J2-€-^(Hi^r ^) #^#4 4*1 ofl^A (15) ^. ^(3^ 

€-^r) ^#44. A>«];jxl-^(i7)o.S ^4^4. A>^3j-^(17)^r -f-4^ 

-2-€r^(£^r 4^r) ^#44. ^43-^- ^#4(18)-!: ^4^1: #4 ^h4 
4 t £4#4( 17)^.3.-^- B] ^%4(18)il3. <94-*H=- #4 ^ ^^S>£.S., ^ ^ 
#4(18)^1: MW. ^, Sr°l^ ^4-1- ^tb4. 

^4, #44 ^ *>4^ <^ #4^r ^^l^fe Sf-dh ^ 

(13)4 4^4 ^(14)°1 -g-^o^ sjo^ o^, cn^ a x| 7fl ^ 

o]B\^ ^4-5. fl£7> XJSj-sqo^ s^o] Tgo^^ ^1 ^ °1 1^44. 

°1 3 ^1^* 4«r4, 4£4 ^^-(12)4 4^ ^(14)-g- ^ 


6 



3^3. ^§Hr "o^l Xl^A^. ^3M" #71 °o V ^ 7fl^#^ofl>Hfe ^ 
3)3 &-8:*l 3-51, ^M-i: ^H^r ^3 ^, <?! #31 <8^*} 

71 ^^"#(13,14) ^ojo) 713(1)7} >M(d)Ofl a l*H >8-tfl^o.s. a.7fl 

^Hl«<>1, io ifl*] 20^)^: ^m<=>> ^i}, ^-715} ^o] ^S}^, ^ 

#(12,14) 71^3} 7^ 5g^5} ^7} ^£)*l*h ^l-( 12, 14)^1 tf^f- 

o) tfl^f^ ^<*-^ ^Tfls] cgtgoj nl;*|*l &<>}, ^"^^^l °1^ 91*} 

^ , ^ #-f£| ^ -g-*}#£r 2:71 tifll a o VbH# -fM *}£-£, , ^ 7^ 

n}e}7>i, 7l| ^-ir# 711^^-3} ^Ajoil ^jq-§-g; ^tlH 7)^ ^-J- a. 

t-1 ^cflAl^lfe ^ *}r}. 

#7] *V £ ^3 ^S}7l <H ^Aloflofl n}=.^, 

XI 1 7l^J2} ^1 2 71^ afl 1 7131- ^fJL tfl^,aflAl£|ji f X) 1 7}^3\- >H1 2 71 

4°H ^^°1 71] 711 ^C}. XI 1 7l^ofl #<!) jjj.^ S}^e}£^- TflolE B]^ 

3«?]J} cflolB| tifll^-t}. ^] 1 71^ ^ ^-?_M1 2}^} ^3 

^3 7}^ 3 ^ AlJH- Ol 7 ^Oq] ) Aj- 7 ] c]] Ol El 

3^ ^*JS}7ll -Sr^m ^711^ ja^l* JE^-S}JL, Z}Z}o] ji^lfe XI 1 ^ 
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^, #7l 7>^Bl AVolofl zj-zj- wfl^s]ji ( Xl 2 #-§-4 

*l| 3 7^ el ^3 o]^B\^ ^7flS] «.-§..£. i^^c}. 71) o] E ^nKg- Til ol 

e e|o]4 cfloiEl eK!-£ ^^1^4 °>^re|, #7l ?b£-Bl 3^ 

E ^^7} Xl 2 7^ ^#^^1 ^^©1 Bfl^jl, *\} 1 

t£o1] aVAl^o] ufl^sl^, aT-A^ji)- Xl 1 71?!: 7>>o] gc^ ^^^^J- Xl 2 7]$± A}oj 

Ofl AH^^O] ^Ul^Cf. Oj7M, #7l ^ ^ 

^51X1 5. ^squl, <#7] Xl 1 7^7} >8-7l -f-^-J2f # 

^ _« w-^o) 7-1 e] iiC} =L*\, ^-7] Xl 1 ^ Xl 2 ^ 

Sl-fe ^-^^1 4 -f-^zVSl *r $1* ^°1 

a*!-, ^ ^r^^l ^^ofloii tcj-jHig, X| i 7] ^ XI 2 7]^ XI 1 Tie] 

% ^f-JL tfl^.yfl^SlJl, XI 1 7l^;4 XI 2 7^ AHcHl q?$o] 7 fl^^^. Xl 1 7] 

^cf. XI 1 71 ^ ^ S}-dt ^ ^ ^^-O.S.^, # 

^Hl j^^^M, >8-7l 7>£e| a. ^1^1 a>o]6|1 44 Hfl^SlJi, XI 2 ^ 4 

-g-^ ^-x\6\) xi 3 7-i el *v^- oi2j£] fe ^7fl5l ae| ^<g-*vq-. ?]) OIE ^ 
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Jf-e-oflfe- ^ v e^x1^e17> ^-al^rf. 2 7l# ^#^1 «fl ^ , *fl 

1 7}&9) -sq^ofl ^VA>^ol afl^lsj^, «>A]-^;ui)- *j) 17^ A}o| ^^-^ 

2 7]^; A>o]ol) A>ti>5)-^ol ^til^Cf. o} 7H , #7l 7j-£-E) #7l S^h 

^ ^-^^r ^5^1^- ^^5]ZL, <#7] >fl 1 7ie)7> #71 ?}^el Jf- 

^ Jf-gr*]^ 7]^]^ #71 1 ^ ^ ^1 2 ^ 9\ 

°1 S.^- °l^SRr ^«2J*1 ^#^1 ^3H1 5^ 

uV^-o\ s-clcl-. 

^s>^, hV^>^ LCD°fl 
#^5L ^sq^, #^&<£\ 7-lsl^ q-^^i ^^71- ^ ^s.^- ^ 

^ ^>#ol SL^f ^ ^ #711 #^1 ^ 

«8 LCD^l ^^r^l 3.711 7fl#Jath 

^<*fl ^ ^>A>^ ^Al #^1^ ^4!- ^ 7fl^-&^r 7^^7171 ^ 


9 


(4^H1 1) 

51 4^r ^ ^Hl 5*1 ^t£5=o1^, s, 5a ^ s. 

5d^r ^3 ^A]ofl lofl n}-^ H>A]-^ ofl^g fi A] ^1^1 A] #2] ^ ^ 

^^lJL, £ 7^r £ 65] "A" ^-8: S^cflsr>^ q-E|-\fl i^^H , £ 8a 
vfl^l 51 8efe ^ ^r^^ lofl ^ riVA>^ ^ g_X\ #x\£>\ ^ ^ 

Sl(dll)# -Jf-Jl tfl^ afl^l^c}. 71^(40)^ ^ v -¥- 71^(60) Afojofl^ d]5§(65) 

^ 3 (57)3 ^l^C^n)^ ^^(dll)^ 0.2 ifl*l 0.6^7} € & 

^^£)ZL, 4H£-§: o)^(4 £ )°- ^ i afl ^(53) e-) «J ^jz}- x «r°l oji=L- 

^ 71^(60)^1 ^#^^1^ 7.}-<g%-g- ^^sV ^SLS, ##%*\?]^ 
(70)°1 ^1^. 71^(40)^1 S^^fe- <^(65)^ <^Kg- 90 

S. ^ «>¥|£.-^- ^^WSH -f-^^M, *}«]:3|-W(75)3 ^^^^^ 

A>oi;jt|-^(75)^- -f-jzj-SV dj3(65)o.3. ^>Al7l^ ^^(78)^1 -f-^^. 


10 


SV-sf 7l#(40) -#<>ll ^ £ 4*1] 51*1 € ^ ^r°l, ^7fl^ 
(41)£r ^ 7}$rU0)^°\} ^ QA^r 7}X]J1, x *&^SLS. tifll^ 

cf. uHojBl ta^ ej-<?](47) <3*1 7l^(40)^Ml #^-1: 7> 

5]- ^Voj TilojE uj^ (41a, 41b)3]- el- #<a] 3M&1 tf^ ^^l(47a,47b)^:^ S. 
9X^. °}7"M, nfljeeJ^i ^ t)1 o] e o]^ e(-olJ4 ^ojBl 

eKl o.^. ^ OJ J^ ^-^1^ ^ sfd^7|- ^cf. time 

£}- < ?l(41)^ ullo]El tt^ ^<?1(47) a>o]o]1^ tIMe ^^^-(44)01 

^<S^7jtf . ^ ^Jl#(42)£t ^ ^ , X <£^S\JL, 

*V ^-c) 7l) o]e t^>- ^<?](41a,41b) ^ojoil ^^l^cf. afl-1- ^o] r ^ a]^(42) 
«fl^ TflolE tf)^ e^Ula^^-fe Tflole ef<?l (41b previous gate 

bus line)^- A e^tb 31*H1 Tfl^M a]^ 5}-°] 

(41a, 41b), ^ ^1^1^(42), ^1^1^ ^<a(47a,47b)^r RC *1<S ^l^KRC delay 

time)^: #°l7l 5]i5}<^ , *}mLZ* #5. ^ °1 -f Al , Mo, Ti , W, Ta, Cr ^ <>1 

^^m-. -^HHH^ MoW ^^-0.5. ^^^rf . 

?>£^ #^K43)£r 71^(40)^] ^r-sfl s}-^ *?H) zfzj- <^7l 

^(43)^ Z}^ 7l^r(40) %^S2[JL, ^ ^1^(42)4^ ^ 

s)5L^- ^(43)£r ^ ^15:^(42)^- ^ <?1 
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7}^^. ^(43)^ #^ , ITO( indium tin oxide) 

*i ^ ^]^-^(42)2f ^a]^ w}^ ^(43a)^, H>cl -f- ^(43a)^-S.^-B| ^ y*& 
^ 7 fl cfl-&#°L 8 7fl 5] ti€^l(43b)l- i^-W. ^, # 
^(43)^ ^-tL(comb) ^BflS. ^^tf. d\ 7 ]*\ t 7 fl7fl^ tL^l^l(43b)^r ^ 
(Pll) ^ 7^(L11)# ^JL tiHl^rf . 7fl7USl J±3l*l(43b)£l ^(PH)^r °1 

E) ^ofl Hjal-^ Cf^ #711 

3*4i ^(46) «H Spf 7)^(40)31 ^ 3^ ^ofl zJ-ZJ- ^^^tq-. ©1 
ufl, ^-dt ^(46)£r ^^-B] ^^(43)^f ^711^x1^, TflolE ^0^(44) ^.«.6H 
^^^q-. Sj-db ^(46)^ ?}£-£l #^-(43)*}- ^7>^1S. ^^*1 #^ oj)^ 

l:^, ITO ^^q-. sf^ ^(46)^ 7>^-El «>cl -^^-(43a)^- 

^ ^1 1 ^(463)4, 1 ^-(46a)J5-^f £l ^ y D-^S. ^s^M 

^ ^Efl# uf^ 7 l] o]]^-^^ , 77fl^ X| 2 ^(46b)# i^t}. °M, ^1 2 

^(46b)£r H*<m ^(P12)# *1^.*H1 °a^^r 7-lel(L12)# 7>^JL *fl<g 

^cf. nelJi, *fl 2 -^(46b)£r ^Bl tL3!*m(43b) a>°H 

<>H, S.'Mfe »5tt^m, 71-^- El ^^-(43)^1 ^(43b)2l 

>JM M BKl(41a)^ ^SRr «>(43cH S.^ sj- 

^ ^^-(46)^1 XI 2 ^(46b)l-5l #^r£ 7ll o] e e}-o](41a)4 ^ *fl 3 

^(46c)oll 2)f>}°l ^91^ £^1*1^ 9X^-. £tb, ^3-2-5. 7>^Bl ^ 
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(43)^ tL^l^l ^(43b)^ ^*lo] ^ oiji, ^ ^^ (46) ^ ^ 2 ^ 

(46b)#^ #c+°Vo] ^-o]^ ^ ^cf. <£*V, s}-^ ^(46)31 Xl 2 ^ 

(46b)#^ Xl 3 ^(46c)oll 2]5M D J- %°^9X^-, 1 J f^(46a)^>l XM^I^r ^ Bfl 

^HHHfe- Sfii ^^"(46)^ Xl 2 -sf^(46b)^ ^(P12)£- ^ 
(43)^1 *L 31*1 (43b Tj-sq 7l2l(Lll)ja.t^ #7)1 D^t}-. n}^, ^^-(46) 
Xl 2 -f-^-(46b)^r 7>£-£l ^(43)^ U€^l(43b)^- ^7] e)(l U) 1 ?^ o]^^ 
th ^nfl, 3.4. ^(46)^ XI 2 ^(46b)^ 7b£-E| ^^-(43)^1 *-^l(43b) 
7-ie](lll)fe 71 ^(dll)iLtHr ^Ml ^sqji, 1tf>l, ^ ^ 

A}o}^7} 110^X330^^ nfl, 0. ljwra 5pm °]*\-7} ^ 

^-(43)^ ^(43b)54 is}-^ ^(46)^ XI 2 ^(46b)^l ^.£r =L?A% *}°) 

°\] H^fe = ^-E-<^1 ^^-#( 43b, 46b) ^^1 <^ S.^- 

-§-*NL &-8: ^^rSLS. *g ^ c>| o> sT-cf. oil##c>) , ^ gj.^ A>6]^ 7 > HOjumX 
330j«rao]Jl, *i^(43)£) (43b)^- ^ ^-(46)^1 Xl 2 ^^(46^^ 

zj-zj- 8 7ll, 77fl^ nfl, ZL^#(43b,46b)^l ^ 1 ufl*l 8^£, ^- t.}^ S>7ll fe- 
2 ifl^l 5/ira7> J^S.-^- £&^r, 7b£r£l ^^-(43)^) (43b) 3] ^(Pll)^l tfl 

*b ^^-(46)^1 Xl 2 ^^:(46b)5l ^-(P12)^ 0.2 vfl*l 4 3l5E.7> ^rf. 

<^7H, ^ s}-^ ^-°l^h ?b£-Bl ^^-(43)^1 J±^*l(43b) ^ s)-^ # 
^-(46)^1 XI 2 ^( 46b) 51 ^ tcj-el-, ?}£e1 ^^-(43)^1 Ji^l (43b)i^ 3^ ^ 
^■(46)^1 XI 2 -*RK46b)2l 3L?\ 7^fe -fr^U ^ q-. ^l<?h 
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(43b,46b)£] ^-^r, ^^-ir(43b,46b) ^^ofl sje>o^ ^l^-(43b,46b) 

°](41a) ^^#(45)^-, *fl^(45)^ H^zf j2_tH^£H ^o]b| 

51-^1(473)^-^^^ -tl^-^ ^Leflol ^1^(48)^-, ^^#(45)^1 

^Sel^l ?fl2flAlBl(Cst)fe ^(43)^ sj-^ ^(46) ©1 ^.u^s]^- 

sj-t^, M. ^X|cjHH^ ^^-(43)^ w>xq ^(43a)^|- 3* 

^ ^^-(46)^1 1 -f-^:(46a)ol ^t^^fe -f-^H ^S^ 1 }. 

71^(40)3 zIjtJ-^- S^oflfe *ll 1 ufl 53)°] ^^S)ZL, ^-f 
(60)3 zjel ifl^i£6fl3=. 2 nfl^=^-(63)o] D^tf. nfl ^3(53,63)^ ^ 

^ 2 wfl^^]-(53,63)^r <^ ^1-7> 0 v)H 105L3 = s|i§i;E zj-fi- 

°1 Si*}. S>-r- 71^(40)^1 1 afl^3(53)^ x « 0 Vt S3- <P ^#3 

» z>£^- 3^3^, #Jf 7lJgr(52)<fl ^3^r ^1 2 wfl^^-(63)€r *f| 1 ^3 

(53)31 B|»g al^^(antiparallel) ^, 3 180° 3^3-* £-5.-^- 3«J-£3-. 

°H, x^r(°l^ ^1 ^ A 1 «fl<8=3(53, 2 tifllW^ 3 H c!^ 0 l 
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SL^f A>-8-^; ^ 91°-^, x^K^ ^ "cW^ *fl 1 «fl^(53, £ c -^ Xl 2 

A>-g-S>ji f 4551 ols}«y ^-foflfe -fr^-i: ^>-8-^. ^ ?1 

^, ufl^=^ e^o 1 ^ x^^l zj-ofl 14^, -fr;^ s.^ol tf-g- 6n^§ 

^ 5*1 ^tii 

^«(70)^r ^#^(P)°1 X| 1 nfl^(53) ^ X| 2 ufl ^(63)^1 ^"o 1 ^ 

ol^-^r^r #a>*8 LCD^ ^-g; ^^W. 

XMM e}-«?I(41a)°l $f°.t3, 3?-4i *i^-(46bHl^r ^oj 

&| el-oi(47a)^ ^]5l7> ^^-(43)^ ^ #^-(46b) ^> 

^3^, 7}<Q^--£. 53^(70)011 ^(65) 
t=K ol^l^, ^ ^7>^ Sj-v+oi #^-g; ^uj-Tflsqus., ^ 

% #3)7> ^5*£M ^7]xi , £ 5a^r €W(70)« *r*§ 

4 ^ ^«-oi ^-rfji ^ji, ^1*3 « 0 H>°1 z^Hef <5}o}, ^#^(70) 

# JSL^ BB>=.cfZL 7>^s>sa^: n fl^ ^ ^-Bfl^- ^^rf. 
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S. 5a^- ^ #Efl7> -fr^l^cf. 

*l3(65)-8: -id^^ ^ A}^54-^(75)-g: *lM-^i #Efl7> 

0° )S] 1/4 ^-^ ^, 9051^ ifl^M- t^l^. °H*|-eJ-, % 

^ ^[^^{7^ S. 5b^ ^1 £^ 

£ 5b£f ^o] 180£ ^#*># ^tt ^h^(78)# ^^§> 

£ 5c^ ^ -£€r^r ^hW^WS)^: ^^}7\] Sl^r 

31, o] A>ti>Tq-^-^-(75) o. £0], got Jfl#*l~i- 7HE£, o] A>ti>^-^- 

^(75)* €^#38<ei s. 5cH S-a]^ «v^- ^o], ^ # 

(70)£| m%^r^ #(51 5d)£r ^-8: %£r ^%-^(70)# 

^§>xl ^-s>xl Sf-^ T}=L7> &t±. 

Til ol E eh^l(41a)<Hl ^> ^lS.7> <y7>£lJl, cflolBl B\+ ^o] 

(47a) <H| t^^^ellol AlJryl- S^l-sq^, 7flo]e ^ol(41a)^ cfl 0 l^ ^ ^ 

(47a) ^ ia^V^ ^fe^ll ^51^ «T-nv e^^l^El (50)7]- ^s^, ^ ^^"(46) 
°fl °H1, ^Bl ^(43Hlfe ^#&1H -tlJL^ ^^M" 5Hr 
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^-f- 7\}^*\<LsL 9l7}S)JL °1 ^-^L , #^"(43)4 ^ 

(46) A}o]ofl ^^ 7 > g^^Cf. ^7H, -^^m^ <8^3*r 7b£-E] 

#^-(43)^ tL^l ^-^r(43b)4 S}-^ ^^-(46)^1 *fl 2 ^(46b) A>olo]cf. 

^^"(43)^ ^(43b)^ 2)-^ ^^"(46)^ 7.]} 2 ^(46b) A> 

^^l(Eis)^-, ^BflJitJ- 3- ^Efl^ = fH ^=(Ei f )7> # 

^A-j, = fl*l ^H(E lf )^ Q^-m 43b, 46b) ^ 7>#;*|-eJ 5-« 0 >o] a]^ 
Sfe ^H.^, #^#(43b,46b) ^ 7}^x}£\°]] Qfl^g IL&x) 

^g^(Eif)^ ^-QSL^ ^z^r}. ojttj], ^^-^:(43b,46b)^ ^-o) ^15} #o_^^, 
o] sr^x] Ei f )^i5-ijL51 #^#(43b,46b) 9X^ oJ \ y i -gr*Mr<>l S - 

31 o] 7)1 ^cf. 

t^irf ^-flsi ^^§>^, £ 7<>11 ^i^-#(43b,46b)^ 
^-f-°fl^ ^^^1 ^ i]^^ #31 (el-n)£j 

(S^r ^)^, ^ ^Hf°l)A] = #7])(e2)# ^ # 

7jl(e2-n)^ #^(£^r *1^)°] <H*1 Hlfe ^ ^ <=>} 

#^"#(43b,46b) ^foll ^^flS}^ cfl^^ ^} 7 } #^0} cg^g- 

^ < a^°l € W(70m £ 8a^ ^o] Al^^-^cfji 

7>^^. 
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£ 8a£f 6 -^(65)# ^M^}^, ##^7} £ 

Sj-^cf. ojafl, oj]^ ^V-Ircl 455L1- ol-f-fe ^-M^r, <^(65) 

zielJi, <^(65)* ^ A>ti>^^;(75)^ ^W^l , t**l 90S 

S. 8c^f Q^f 180S t£bM-*(78)-8r ^^S} 

^-^^(75)* -f-^^i , £ 8d^ ^o] &#%£\5L, S 8d^ ^ M 

^ x^-Al 90S 3K V *V# °-^(65)« ^-e^A-j, 5= 8eQ , SL^^r 

Vth=w l/d(K2/eo ^/e) 1/2 M 2) 

Vth : ^ ^<y- 

1 : 7131 
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d : 

K2 : ^ 7\)^r 

3" ^ ^ ^^(Vth)^" <£A &t±. nJ-eH, 7>^*H ^14. 

^7H, ^H^l o.^- 4^5L7\ IPS 3*1 ^1 Jirf 

3.711 ^3°! ^^ 7l nfl^-olcf. 1-^5.^, A>ol^ 

AAA #efl°11 tM^SS., f^iLCf -^-1- ^ W>^ol ^- 5t#^ ^Eflo] xr 

(^*H 2) 

£ 9fe <*H*H 2^1 ^ ofl^ S a] sg^s^, a. ^x\d\] 

^ ^o V #^ ^11 1^ 7\9\ ^-g- 7}*H, 7>£E] ^t^o] ^o] §> 

^, ^Aloflofl icj-s ^(430)£r S}^f 71^(40)21 ^ S}-^ 

°fl AA U^-S^h <$A*\, A~£:A ^(430)£r 7flo-|E ^Ula, 41b)^ 

^ ig^on ^ ^1^^(42)4 ^^-(430)^ ^ 
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oIjh ^-^-A^ ^^^q-. 7b£Bl ^^-(430)^ ?11 °1 J= 13]^ ^ol(41a,41b) 

^ cflolE] ej-<?](47a,47b)s|- ^ ^ 7-] s] nV^- o] ^ s.-^- 

3^ ^(460) «H sf-JfL 7] ^(40)^ ^ ^-*H1 °1 

n, s}4i ^(460)^ ^^-(430)34 I7fl<^^l£f, TflojE ^^^-(iEAlS)^ 

&-§-) 5}-^ ^^-(460)^ n^B] ^^-(430)^ v}&7}x]3, 

^£ cfl-t-irol, ITO Tflol^ ^<y(41a,41b:x tg"^)^ 

^^Sl-Tll Hfl^£|ir 1 ^(460a)32l-, ^1 1 -^-^-(460a)^-S.-^-^ <*j y ^ilS. <3 

^Efl^- 5^ cf^-7fl ofl-t-s-o^ 7711^1 7.]} 2 -sf ^:(460b)# 
o) u}} , ^^-(460)^ *fl 1 ^(460a)^- ^1 2 -f-^r(460b)^r SL^ 

(430)^ ^sqjEL^, *fl 1 ^A]ofl jitf ^sel^l 7fl5{|Al^^7> ^tfl^ t}. 

^1 2 - l f^(460b)^ ^(P22)^r , 7] ^ (L22)# 7}*]JL «fl 

l^x}. ZLe)JL, ^^-(430)ol #3HJiL ^Efl^ aI— — ^ , 3^ ^ 

(430)3] afl 2 ^-g-(460b) ^}°1^ ^-#0.5. ^e] 9}^B\ ^^-(430)ol i^fr-g^". 

olnfl, 3^ ^-(460)51 ^1 2 - E f^-(460b)^^ w> ^Efl# ^ 

3 ^A5L <S^^S ^ &i=h 

Shi ^(460)^ 2 ^(460b)^ 7}$:^ ^(430) ^f°l <*flfe 

M-Sk^r ^-foflfe 7^ 7> ^fl^l ^711 , M.9);^r ^ JjL >fl E 

^(460) afl 2 J f^(460b)^V^ ^sl(L22)fe ^ 3^ A>o]^ 7 > 110 
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2 ^(460b)^ 7fl^«^l aq-e^^i t}4: ^ $14. 5£sh -g-^tb ^ 

^ ^(460)2) *fl 2 ^(460b)^ 7^e)(L22)^l nfl^t 3j-4i ^^-(460)^1 2 
-f^-(460b)£) ^-(P22)^ *1tt 0.2 tfl^l 5^1 Jl, >i^(d22)«^] tfltb 5}-^ ^^-(460)^ 
2 ^(460b) a>o]o) 7 - : |el(L22)^ 0.1 tfl*l 57> *Vcf. 

[^^^ sjzf] 

oj^-cHl^ «>5} £d\ t ^-igofl chg-3|. ^ Jlj47> 

^*flS., «>a>^ ^ X*l ^>^-b1 ^ ^ 

^ #^3- ^jq^A-j, cf^o^ sr^} ^^| 7 |. ^ o^^l 

#*l6fl ^^§r°l 3.711 7fl^tf. 

Ir^S, 7>^&1 ^^J- Sfi #^ ^ ^ SfHi^ , 7fl^#ol 
7fl^€4. 

5}-^ ^ AVoi^ ^e) 7l . pi^^-ofl ^-i-oi 3- 
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+}?}JL, #^&2i\ T]?]?} x^7\7\ ^tflsqc], o.^ £7 |. 37 fl 7 fl#^ 
A. 

^^S., #Hfl^ TN 2.2=2) ^ a a] ^1 Jicf #Alo)zJ-g. <g^cf. 

<^ _8_^|*] ^S-S., ^ #*1<9 A>o)^^- ^ 

t^2] ^eJS* ^Alofl ^«fl3*l ^ ^3HH ^AHl^ o] 7}^o\] 
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*f| 1 ^-JL tfl , «fl *1 £] 1 ^1 2 7^; 

#7l *fl 1 7l^JJf *fl 2 7}& A\o]d\} yfl^Tr <%$\ 

#7l *fl 1 71^0!] ^ ^^V# ^SfS^lf ti)l<gS]^ >flolE ^ ^ ej- 

#7l ^ 1 71^ t^-o] -gj.^ ^L^-ofl zJ-Zj- ^^E)J7, #7l ^g- ^Jl* «17> 
^6.^, #7l cflojBl ti^ 3§^|^]-7fl ^7]^ ^7fl^ S^OI , 

#7l 7} ^B\ *\^<>\ A>o]o11 zJ-Zj- UH ^1 Jl ^ 2 ^Kg-jzj- 3g-X\ 6\) 

*ll 3 7^5)^ °l^fe q-^7fl^ ^-g-i- S^-s}^ sj-^ ^i^-; 

#7l TfloiM o]^ ef<?]32f ufloiBl a]^ e|-^l^ ^<S*1^ <*}-£tf , #7l 

#7] 7lH e Jif tfloi b\ ef^^l -f^l ^z]- ^a]sl^ 

Uj-^j- M^l^E} ; 

#7} *fl 2 71^: ^^^^1 «fl *1 ^ ^ 

#71 ^1 1 7}&°] iq^^^ tifl ^1 si ^ ^ 

#7l «>A>^;JZ)- Z\) 1 7l^r A>ol ^^v&aj. ^1 2 7l^r A>ol<>fl Wfl^Sl^ A> 
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^■7} ^ \A^\7\ #71 ^El #^<2l tL^O^l -f-^ ^-^ 
#71 1 ^ ^ Xfl 2 ^-£r ?b£-&l ^ ^ Sfii 

^ ^ -^-¥-^1 ^^^7->#oi a- o]^§i-^ y.^^1 if^JZf ^J=^ 

#3 ^^Hl -^*Hi ^91 ^8.2-5. jlflE. ^ ^1°> 

^ *A>^ ofl^g & x\ #A|. 
2] 

1 ^<H1 £M^1, ^7l ^ ^S-Sflfe ITO 91 ^8 £-5. JL^S. 

^ ^-Alo>Z]-^- £i=. l£X\.7% oflpg S Al 

13)^8- 3] 

*fl 1 iHl 2 *l) 2 Tlel^cl- ^JL, ^| 1 ^-£r 3 7") 

El^.Cf ^ ^j-g- ^^0 S S]-^ -2^5. ^ %*}°\Z\^r ^ 3.*] # 

*\. 

4] 

*fl 3 -sj-^1 ^"71 7>£-El *€*1 JjL^-iJ. 

-¥-^71^ 7-1 Si 0.1 Ifl^l 5jUmSl ^SLS. §}b -HflE ^ 0):Z}-0- 

5] 

^1 3 ^ ££fe 4 &°l>*1 f -S-71 1 2 ^ al^ 0.2 
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6] 

*fl 5 *<H1 &°1^, >8-7l z\) 1 ^ 2 ^ 2 ifl*l 8 
[^ih 7] 

*fl 1 5&°H, ?>^Bl 1 w o >%>4 ^^jl >g-7l tL^]^l# 

^"Sr 5^ ^ 3.*] #*|. 

8] 

9] 

^1 8 iMl >^7l *fl 1 «o^4 ^SKn. tl^l^l 

^"71 J=L£-6J ^SV^Ai ^7} V} iLt^^Slfe 2 ^ ^ 

#*1 . 

10] 
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Z}JL #7] Bf^-i- ^^Hr *|) 2 ^ ^f^r-i- ^ S$-«H=- ^ ^ 

I^T 1 ^ 11] 

^1 1 5U°1*1, #7} 1 7}&<i\ tfitg:^ a^o]] £^S)JL, #7)] 

^| 1 BlifJ^-g: 1 aflU^^h -8-71 >fl 2 tfl^ S^l 51S 

SlJl, #31 <*13 ^-^Vl-* ^« 0 >^0. S tifl<tAl7l^ S^-g: 7>^1^, #7l *j| 

£-g- 5L$\5. «J %*] C>M^r a>A>^ ofl^g S A] ^ . 

I^^J- 12] 

A 11 *<M1 91*]*) , #7l sel^e^ g JLi n sel^ez]- 

[^^J- 13] 

12 *<H1 Si<H^i , #71 *fl 1 tifl^^ 313^4 A] 2 Bfl^^l 3U^£r 

^§ a*l #*|. 
I^np-^- 14] 

A 1 ^- 31 A 13 «<H1 #71 ^#^r«aj 2 a|*8^gr ^ 
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15] 

^ 14 iHl &<>M, afl 2 ^-71 ^i^7> °]^±= 05L ifl*l 

^31 7> ol^-fe zj-o] 45 gos ol^ f ^1-71 <^^§^ -H-^i-i: <W^°1 <g=oi ^-g- 

[^^J- 16] 

^1 1 #o] o.2 ifl*l 0.6/um ^ ^-g- JlflS ^ 

^ 0J H 

17] 

^1 1 7je| # ^f-Ji rfl^.wfl^s)^ afl 1 7l48s4 >fl 2 7l^; 
^-7] 1 7] *fl 2 71 Afoiofl 7M£|fe <*j^; 
#7l *11 l 7l^Hl cj^i sj.^ ^?i-g- *l-^§f5L^- yfllsl^ Til o] t= 
oijzf r-flolBl ti^ el-o]; 

^71 afl 1 7l^s] ^Jfl 2^ ^-^^1 zj-zj- ^^ElJl, ^7] ^ ^Jl# ?l7l- 
#3HJ= ^^hS-S. ^ ^V^-Bl 

^-71 A ].o]6\] Vtyx]$5L, *j| 2 ^-gr gvg-^ -g-Alofl 

>fl 3 71 Si ^ ol^s)^ ^7flS] iM^ -f-^r^r S}-^ 

>8-7l TflolM el-o]i4 c-lloiEl efo]^; o>-g-e| f ^ 
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b\ ^ #^-§: ^^1 ?lfe tIHH ^i^; 

#7} >flo]E u\+ ^014 ^o]^ tH^ efo]^ m*}$ -?-e<Hl zj-zj- ^p-tilSlfe 
«i-nv e. ^g^^E) ; 

^-7] 2 71 ^#^1 Hfl^Slfe 

^"71 1 71^5] ^^^o]j tifl^S)^ ^}^; ^ 

#7l a>A>^;5!}- *|) 1 A>o] ^^^t^ afl 2 71^: A>o]oil tifl^S)fe A> 

#71 7}^B\ #7] 3^ ^^tt ^^^Jl, 

^-71 *]1 1 7^3] 7} #71 7>^Bl ja^*] Jf^-aZj- 5fi «- 

^71 ^1] 1 ^ ^ 7,]} 2 7>^El ^i^Sl ^ ^ 3^ ^JL 

fl ^ ^-^1 ^ti§Rr ^^^7.>#ol o]^§|. fe ti.^^ ^f^Uf ^EfJ 

#3 ^)6\) ^ Slol ^.g. ZL?]£ ^ #^0) 

^ #*1. 
[^T^ 18] 

*fl 17 «<H1 ^"71 ^ ^51^ I TO 91 ^r^SLS. :n^51 

^ ^-a]o>z]-^- ^ on^ S a] #*]. 

19] 

17 *<H) ^o^, #71 ^JeL^ ^7jo] ^ofl tfl^: afl 2 -»f 

^ h]^ o.2 5 <?] ^-g: sfir JlflS. ^ #Alo>^ £fe «5fl 
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20] 

§>fe Jlfl£ ^ ^-Al o>zj-g- on^ K x\ . 

[^T^ 21] 

*fl 17 iMl 1 71 51 ofl tfl^; Aj- 7 ] s].^ ^M^#^ 7-1 

3^ a]^ 0.1 ifl*l 5 Si 3^ «}b Jl^S. ^ ^ 3*1 

22] 
23] 

-g; D} ^^SL^L JlflS. ^ #Alo>z}-g- cfl^ iA ] ^ . 

24] 

*fl 17 ^1 5U°1>*1, ^71 *fl 1 7]&$>\ tfl^ 5.^61) S^jl, ^741 

X] 1 e-l^^ 5^ X] 1 ^-71 *f) 2 71^ tfl^ i^ofl 
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$\JL, $.7)} ^ ^-^>## <a^J^ yfl^A] 71 S^-g: 7H^, #7l XI 

1 ^ «i ^ Jif rdi^ 2 ^ °1^ xi 2 en 1 ^ ^ 2 «l]^^^r ^7}S. S.^}^ 

-^J^ §1-^ 31^1 £ ^ o>z]-^ 5}-- ofl^ 
[^n^J- 25] 

*fl 24 iMl SU^I, #7l ^m^r ^Sl^EZj-^- ZL ^HEZ}- 

^ OS. °1# 10S. °1§>o] ^ §>fe JLflS. ^ %^ 0 >^ ^ a 

*1 #*1. 
13^8" 26] 

^1 25 iHl 5a°H, #7l XI 1 &| «J ^ xl 2 a-^ 
tiH^l5]^ ^ ^-^51 ^ %7s]oy^ g?=- <^ ii^l #*1. 

I^t 2 --* 27] 

*fl 17 ^ Sfe XI 26 iHl #7l XI 2 ei^ 1 ^^ 

I^T 2 -"* 28] 

*H 17 iHl #7l XI 2 ^"o 1 ^- #7] ^^]7> 2^0) OS. tfl^l 

45£.^»1^, #71 <y}^ -H-^-i: ol H <HH -5-^ *\-%-l%5L, #71 XI 2 ^"o 1 ^ 

#71 ^i74l7> ol^fe zj-oj 45 rfl*l 905 L ol ^, #71 elj^o. ^.g. o] ^ o] oto] 
^ AV-g-^ 3^ ^lOi ^Kr JlflS. ^ #*1 o)z]-^ ^ ofl^g S a1 #^1. 
l^T^U" 29] 

*fl 17 %<fl 5U°1^, #?1 OJ !^£- ^M^N ofl^olj7 j ofl^^ ^Aj-^ol ^% 
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°>^"# 3S.*\ 
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